HD 213597 is an eclipsing binary system which was detected by the STEREO spacecraft and was speculated to host a low-mass stellar companion.
discovered in transit surveys, which are primarily designed to search for transiting planets (e.g. Bouchy et al. (2005) ; Beatty et al. (2007) ). Over the last few years a handful of F+M binaries have been discovered and their properties determined (e.g. Pont et al. 2005a; 2005b; Fernandez et al. 2009 ). Nonetheless, every additional system discovered and analysed contributes more to our understanding of fundamental stellar properties making the sample of F+M binaries an important subset of stellar studies.
The NASA STEREO mission consists of two satellites in the heliocentric orbit that study the Sun and its environment. An imager on one of the satellites is being employed to study the variability of bright stars and to look for transiting exoplanets. Observations taken by the STEREO spacecraft were analysed by Wraight et al. (2012) to search for low-mass eclipsing companions to bright stars with effective temperatures between 4000 K and 7000 K and visual magnitude 6 < V < 12. The STEREO Heliospheric imagers (HI) have a field of view of 20
• × 20
• and a 2048 × 2048 element CCD with a spectral response that peaks between 6300 -7300Å (Wraight et al. 2012) . HD 213597 was one of the 9 candidates selected (Wraight et al. 2012) where the radius of the secondary was estimated to be below 0.4 R ⊙ .
HD 213597A, with a visual magnitude of 7.8, is an F-type star having a rotational velocity of 40 km s −1 (Nordström et al. 2004 ) and a radius of 2.039 R ⊙ (Masana, Jordi & Ribas 2006) . Table 1 lists the properties of this star obtained from the literature. The earlier studies on this star suggest that it may host a low mass companion.
Here, we describe high resolution spectroscopic and photometric observations and the methods of analysis used to derive the physical parameters concerning HD 213597 system.
Details of the spectroscopic observations and transit photometry are reported in §2, while §3 describes the analytic methods and main results. Discussion and conclusions are presented in §4.
SPECTROSCOPIC AND PHOTOMETRIC OBSERVATIONS OF HD 213597

Spectroscopy
High-resolution spectroscopic observations of the star HD 213597A were made with the fiber-fed high-resolution spectrograph (hereafter HRS; Tull 1998) at the 10-m McDonald
Hobby-Eberly Telescope (hereafter HET; Ramsey et al. 1998) , and the fiber-fed echelle spectrograph, Physical Research Laboratory Advanced Radial velocity Abu-sky Search, (here-after PARAS; Chakraborty et al. 2014) at the 1.2-m telescope at Gurushikhar Observatory, Mount Abu, India.
HET-HRS observations
We obtained 9 observations between 2011 October and 2012 July using the HRS in its 316g5936 cross-disperser setting, 2 ′′ diameter fiber, resolution of ∼ 30,000, and a simultaneous wavelength coverage of 4300 -5800Å and 6200 -7600Å. The exposure times ranged between 60 s and 300 s, which yielded signal-to-noise ratio (SNR) between 200
and 600 per resolution element. Each observation was bracketed before and after with a Thorium-Argon (ThAr) lamp exposure for wavelength calibration. The same procedure was used on HD 215648, which served as a template to derive RVs. HD 215648 has a spectral type of F7V with T eff = 6228 ± 100 K, log g = 4.15 ± 0.07 (Edvardsson et al. 1993) , v sin i = 6.7 ± 0.7 km s −1 (Ammler-von Eiff & Reiners 2012), and [F e/H] = −0.22 (Valenti & Fischer 2005) . The data were reduced using a custom optimal extraction pipeline as described in Bender et al. (2012) .
Mt Abu-PARAS observations
A total of 15 observations were taken between October and November 2012 using the fiberfed PARAS spectrograph which has a single prism as a cross disperser, a blaze angle of 75
• , and a resolution of 67,000. The exposure time for each observation was fixed at 1200 s which resulted in SNR between 20 and 25 per pixel at the blaze wavelength. Simultaneous exposures of the science target and the ThAr lamp for wavelength calibration were taken.
The wavelength region between 3700 and 6800Å was considered for the RV measurements.
The data were reduced by the Interactive Data Language (IDL) pipeline designed specifically for PARAS as described in Chakraborty et al. (2014) .
Errors on Radial Velocity Measurements
The precision on radial velocity (RV) measurements (Hatzes & Cochran 1992 ) is given as
where S/N is the signal-to-noise of the spectra, while R and B are the resolving power and wavelength coverage of the spectrograph in angstrom (Å) respectively. Although PARAS has much higher resolution than the HET-HRS mode that was used, the SNR of PARAS spectra is lower, leading to the PARAS RVs having larger uncertainties than the HET-HRS RVs. has a RV uncertainty 10 times larger than one that is rotating at 4 km s Table 2 . Over the course of one year (October 2011 -November 2012) we obtained a combined total of 24 observations with the two spectrographs. Two epochs from the observed radial velocities of PARAS data were removed in the fitting routine because of very low SNR (due to passing clouds).
Transit Photometry
We performed ground-based photometric observations for this star from the calculated mideclipse time based on the ephemeris of Wraight et al. (2012) . Given the celestial coordinates of the star (Refer Table 1 ) and the prolonged monsoon in India, we get a narrow window of three weeks in the month of October to observe the complete transit of the object. Thus, we also revisited the archival STEREO data (Wraight et al. 2012) , in order to compute the transit parameters like transit duration and angle of inclination in combination with our ground-based photometry at PRL, Mount Abu, India.
STEREO data from HI-1A instrument were extracted from the UK Solar System Data 
ANALYSIS AND RESULTS
Radial Velocity Measurements
HET-HRS
The reduced data were wavelength calibrated and continuum normalized while the echelle orders were stitched to produce a continuous 1-D spectrum between two wavelength regions of 4300 -5800Å and 6200 -7500Å. The spectrum was then divided into 8 segments (4386 -4486Å; 4593 -4843Å; 4925 -5025Å; 5100 -5410Å; 5475 -5800Å; 6365 -6430Å; 6620 -6850Å; 7450 -7500Å) that are free of telluric lines. Each segment was cross-correlated using a 1D cross-correlation algorithm. The resulting 1D correlation arrays were combined using the maximum likelihood method (Zucker 2003) . We employed a robust non-linear least square curve fitting algorithm, MPFIT in IDL, to fit the peak of the crosscorrelation function and determine the RVs and the associated errors.
Mt Abu-PARAS
The entire reduction and analysis for PARAS was carried out by the custom-designed pipeline in IDL based on the REDUCE optimal extraction routines of Piskunov & Valenti (2002) . The pipeline performs the routine tasks of cosmic ray correction, dark subtraction, order tracing, and order extraction. A complete thorium line list for the PARAS spectral range is utilized. The wavelength calibration algorithms were specifically optimized for PARAS as Table 1 ).
Spectral Analysis
We based our spectral analysis of HD 213597A on the SME (Valenti & Piskunov 1996) spectral synthesis code. SME is composed of a radiative transfer engine that generates synthetic spectra from a given set of trial stellar parameters and a Levenberg-Marquardt solver that finds the set of parameters (and corresponding synthetic spectrum) that best matches observed input data in specific regions of the spectrum. The basic parameters that we used to define a synthetic spectrum are effective temperature (T eff ), surface gravity (log g), metal-
licity ([M/H]), iron abundance relative to solar ([F e/H]) and projected rotational velocity
(v sin i). In order to match an observed spectrum, we solved for these five parameters. SME was implemented by using the Advanced Computing Centre for Research and Education (ACCRE) High-Performance Computing Center at Vanderbilt University for a large number (150) of different initial conditions to fully explore the χ 2 space and find the optimal solution at the global minimum. In addition, we applied a line list based on Stempels et al. (2007) that is suited for hotter stars, used the MARCS model atmosphere grid in the radiative transfer engine, and obtained the microturbulence (v t ) from the polynomial relation defined in Gómez et al. (2013) .
We applied our SME pipeline to the high SNR HET spectrum of HD 213597A allowing all 5 parameters listed above to vary freely. We obtained T eff = 6625 ± 121 K, log g = 3.72 ± 0.22, and [F e/H] = −0.095 ± 0.08. It is important to note that for hotter stars, uncertainties on the gravity derived from spectral synthesis increase because the wings of the Mg I b triplet at 5167, 5172, and 5183Å used to constrain this parameter become narrower and less sensitive to gravity. We also ran our SME pipeline again, this time constraining log g = 3.96 ± 0.1 based on the literature cited value. In this set of 150 trials, we fixed the gravity to a randomly chosen value within this range and solve for the other 4 parameters. For the constrained run, we obtained T eff = 6752 ± 52 K, iron abundance The formal 1-σ errors are based on the δχ 2 statistics for the 5 free parameters. To derive the systematic uncertainties, we compared the results of our pipeline to three independent datasets with parameters in the literature (Valenti & Fischer 2005; Torres et al. 2012; Huber et al. 2013 ) and report the mean absolute deviation of our results compared to all the comparison stars. The final results (both free and constrained log g) are listed in Table 3 along with their combined statistical and systematic uncertainties. 
Transit
The STEREO images from Heliospheric Imager, HI-1A, L2 data are a priori bias and flat We chose HD 213763 with spectral type F5V and a visual magnitude of 7.8 as the comparison star. In order to cross check the non-variability of the comparison star, we required another field star called check star, which in our case was HD 213598 (K0V with a visual magnitude of 9.14). Although it is desirable to choose a check star of similar colour as that of the source and comparison stars, we settled for a K-type check star due to unavailability of bright field stars in the near vicinity. Since we used the Johnson R-band for our photometry observations, STEREO and PRL 10-inch telescope were combined to produce a phase-folded light curve as both the datasets were observed in R-band and had similar photometric errors on them.
Simultaneous spectroscopy and photometry fitting
We simultaneously fit the spectroscopy and photometry data with EXOFAST (Eastman, Gaudi & Agol 2013) . EXOFAST is a set of IDL routines designed to fit transit and RV variations simultaneously or separately, and characterize the parameter uncertainties and covariances with a Differential Evolution Markov Chain Monte Carlo method (Johnson et al. 2011) . It can either fit RV and transit values exclusively or use both datasets to give a simultaneous fit.
It also requires priors on T eff , log g and iron abundance, [F e/H]. EXOFAST uses empirical polynomial relations between masses and radii of stars; their log g, T eff , and [F e/H] based on a large sample of non-interacting binary stars in which all of these parameters were wellmeasured (Torres, Andersen & Giménez 2010). These priors are used as a convenient way of modelling isochrones and are fast enough to incorporate them at each step in Markov chain.
The errors derived here are determined by evaluating the posterior probability density based on the range of a given parameter that encompasses some set fraction of the probability density for the given model. We thereby caution the reader that the errors reported here for the mass and radius of the secondary are formal errors from EXOFAST. These values and errors are themselves based on models and isochrones and should not be used as independent observational checks on these models until more precise values can be derived in the future by teasing out a double lined spectroscopy orbital solution for this system.
We executed the EXOFAST routine with the combined RV datasets (HET-HRS and PARAS) and the combined photometry datasets (one from the transit light curve obtained by STEREO and the other one obtained by PRL 10-inch telescope). On varying the SMEderived parameters as input priors to EXOFAST, we found that constraining log g with the same uncertainties as given in Table 3 Massachusetts. We corrected for the offset in RV and overplotted these points on Fig. 2 to give it a longer time base. However, we did not include these points in the model due to their relatively large errors. It is important to note that despite a long time-gap between our observations and those of Nordström et al. (1997) , their RV measurements (asterisks) lie on the model curve as shown in Fig. 2 . is an early M dwarf (Baraffe & Chabrier 1996) .
DISCUSSION AND CONCLUSIONS
Using high resolution spectroscopy taken with the HET-HRS, PARAS spectrographs and photometry with the STEREO data, PRL 10-inch telescope, we conclude that HD 213597
is an eclipsing binary system with an F-type primary and an early M-type secondary. The estimated secondary mass from RV measurements is M B = 0.286 Metallicity and the iron abundance of the system are accurately determined in this work as −0.105 ± 0.03 and −0.025 ± 0.05 (see Table 3 ) by spectroscopic analysis. From the models for M dwarfs (Baraffe et al. 1998 ), we estimate the T eff of the secondary star for a mass of ∼ 0.3 M ⊙ (from this work) and an age of ∼ 2 Gyr (Casagrande et al. 2011 The binary system has an inclination angle of 84
• .9
+0.61 −0.5 . The rotational velocity of the primary star obtained by SME analysis, as mentioned in Table 3 is 40 km s −1 , which matches when measured by the width of the cross-correlation function. This value is comparatively lower than the reported rotational velocities for similar F-type stars (Gĺébocki & Gnaciński 2005) . With the knowledge of rotational velocity of the primary star and its radius of ∼ 2.03 R ⊙ from Table 1 , the projected spin period, P/sin i of the primary star is calculated to be 2.422 d, which is close to the observed orbital period of the system. The eccentricity of the system, calculated as 0.0198, makes it close to circular. Since the orbital and rotational periods for the star are synchronous, this star forms another evidence for tidal circularization playing role in a close binary system (Mazeh 2008 ).
The detailed spectral analysis of the high SNR HET spectra gives us T eff = 6752 ± 52 K, Table 1 ).
Future spectroscopic observations of this star during transit will enable us to observe the 
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